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METHOD FOR PRODUCING p • DICHLOROBENZENE 

Technical Field 

The present invention relates to a process for 
5 preparing p - dichlorobenzene , which is an important 

starting material for high molecules, in a high para- 
selectivity and a short reaction time by ring- 
chlorination of benzene and/or chlorobenzene. 

10 Background Arts 

A nuclear chlorination reaction of chlorobenzene 
which is a step for producing p - dichlorobenzene is 
classified in an elec trophilic substitution reaction 
exhibiting ortho-para orientation, which is known to be 

15 chlorinated by a chlorine molecule using a Lewis acid 
as a catalyst. 

Cram & Hammond: "Organic Chemistry" 2nd edition, 
page 218 (1964) discloses aluminum chloride and ferric 
chloride as important Lewis acid. Moreover, in page 

20 427, it is disclosed that one halogen atom of a halogen 
molecule combines with ferric halide or aluminum halide 
and the other halogen atom becomes cationic halogen to 
enhance electrophilic property. 

Regarding 10- substituted- 10H - pheno thiaz ine which 

25 is used as a promoter together with the Lewis acid, 

there are following proposals in order to enhance the 
para - selectivity upon preparing p - chlorobenzene by 
nuclear chlorination of benzene and/or chlorobenzene 
using chlorine molecules and Lewis acid. 
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EP126669 (corresponding with Japanese Patent 
Application Laid-open SHO 59-206051) discloses 10- 
ary 1 carbonyl - 1 OH - pheno thiaz ine , 1 0 - halocarbony 1 - 1 OH - 
phenothiazine and 10 -CHxX^CO- lOH-phenothiazine (wherein 
5 X 1 represents a chlorine atom or bromine atom, x is 0-2 
and y is 1-3). EP474074 (corresponding with Japanese 
Patent Application Laid-open HEI 4-305544) discloses 
10 -CF 3 (CF 2 ) n CO- lOH-phenothiazine (n = 0, 1 or 2). 
WO 97/43041 discloses 10H- phenothiazine- 10 -car boxy lie 

10 acid phenyl esters. 

EP126669 does not disclose aluminum compounds as 
the Lewis acid, but ferric chloride and antimony 
trichloride are used in Examples. It does not suggest 
that the aluminum chloride shows an effect superior to 

15 ferric chloride and antimony trichloride. EP474074 

and WO97/43041 disclose aluminum chloride as the Lewis 
acid, but only ferric chloride is used in Examples. 
These references do not suggest that the aluminum 
chloride exhibits an effect superior to ferric chloride. 

20 Although all the process disclosed in these three 

patent documents relates to the same proposals for 
improving the para- selectivity, there are still 
problems to be improved with respect to reaction time. 
Japanese Patent Application Laid-open SHO 60- 

25 125251 discloses in Example 3 chlorination of toluene 
using a Lewis acid together with 10- trif luoroacetyl - 
phenothiazine as a catalyst system for improving the 
para- selectivity in nuclear chlorination of 
alkylbenzene . Table 1 in said reference however shows 
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the fact that aluminum chloride has the para- 
selectivity inferor to that of ferric chloride and 
antimony trichloride. 

5 [Disclosure of the Invention] 

As a result of various studies of finding out the 
catalyst system which enables nuclear chlorination in 
an excellent para - sel ec t i vi ty and a short reaction time, 
the present inventors have completed the present 
10 invention . 

The present invention has the following 
constitutional feature. 

The process for preparing p - dichlorobenzene 
according to the present invention comprises carrying 
15 out nuclear chlorination of benzene and/or 

chlorobenzene as a starting material with chlorine 
molecules, which is characterized by chlorinating using 
0.1 - 3 millimoles of aluminum chloride per mol of the 
above-mentioned starting material and 0.1 - 0.9 moles 
20 of a phenothiazine compound of the following formula (I) 
per mol of aluminum chloride so that a chlorination 
degree is in a range of 1.2 - 2.5. 



A 

I 




wherein t is an integer of 0-4 (preferably 0-3) and u 
25 is an integer of 0-4 (preferably 0-3) . A is a 

halocarbonyl group and preferably chlorocarbony 1 group; 
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a group represented by CH x X 1 y CO- / wherein X 1 is a 
chlorine atom or a bromine atom, x is an integer of 0-2, 
and y is an integer of 1-3, and preferably a 
dichloroace tyl group; a group represented by 
5 CF 3 ( CF 2 ) n CO - , wherein n is an integer of 0-2, and 
preferably a tr i f luoroace tyl group; or a group 
represented by the following formula (II) . 

// ^°^ )a 

g V=A(Cl)b 

wherein X 2 is a halogen atom (preferably a fluorine 
10 atom or chlorine atom) ; an alkyl group having 1-4 

carbon atoms (preferably a methyl group) ; an alkoxy 
group having 1-4 carbon atoms (preferably a methoxy 
group); a nitro group or a cyano group; a is an integer 
of 0-5 (preferably 0 or 1); a plurality of X 2 is 
15 identical or different respectively when a is 2 or 

more; and b is an integer of 0-5 (preferably 0-2), but 
(a + b) is an integer of 5 or less. 

Comparison of the present invention with the above- 
20 mentioned prior arts 

In the following, the present invention will be 
illustrated in detail comparing with the prior arts. 

EP126669 discloses in Examples 3, 10 and 13, 
production of p - dichlorobenzene from benzene by 
25 reacting 3 mols of benzene with 4.5 mols of chlorine at 
60°C for 4.5 hours using a catalyst system consisting 
of 10 -substituted- 1 OH - pheno thiaz ine / f er r i c chloride in 
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a molar ratio of 1.07 - 1.50 in an amount of 0.12 - 
0.38 millimols of ferric chloride per mol of benzene, 
by which nuclear chlorination can be carried out in a 
para - select ivi ty of 82.1 - 83.4%. 
5 The term "para-selectivity" herein means a value 

calculated by the formula (p/ (o+p) X 100} using value of 
gas chromatography of o - dichlorobenzene (value: o) and 
p - dichlorobenzene (valuerp) in a reaction mixture after 
nuclear chlorination. It is hereinafter referred to as 

10 the same meaning. 

EP126669 discloses in Example 4 production of p- 
dichlorobenzene from benzene by reacting 3 mols of 
benzene with 4.5 mols of chlorine at 60°C for 4.5 hours 
using a catalyst system consisting of 1 0 - subs ti tu ted 

15 1 OH - pheno thiaz ine/an t imony trichloride in a molar ratio 
of 1.53 in an amount of 0.066 millimols of antimony 
trichloride per mol of benzene, by which nuclear 
chlorination can be carried out in the para - selectivity 
of 82.8%. 

20 EP126669 discloses in Example 5 production of p- 

dichlorobenzene from chlorobenzene by reacting 6 mols 
of chlorobenzene with 5 mols of chlorine at 20°C for 5 
hours using a catalyst system consisting of 10- 
substituted- lOH-phenothiazine/f erric chloride in a 

25 molar ratio of 1.61 in an amount of 1.52 millimols of 
ferric chloride per mol of benzene, by which nuclear 
chlorination can be carried out in the para - selectivity 
of 87.3%. 

EP474074 discloses in Examples 1,2,4 and 5 



production of p - dichlorobenzene from benzene by 
reacting 1.28 mols of benzene with 140% by mol of 
chlorine at 60°C for 5 hours using a catalyst system 
consisting of 10- substituted- lOH-phenothiazine/f erric 
5 chloride in a molar ratio of 1.0 in an amount of 0.24 
millimols of ferric chloride per mol of benzene, by 
which nuclear chlorination can be carried out in the 
para - selec t i vi ty of 81.3 - 83.0%. 

EP474074 discloses in Example 3 production of p- 

10 dichlorobenzene from benzene by reacting 1.28 mols of 
benzene with 140% by mol of chlorine at 20°C for 5 
hours using a catalyst system consisting of 10- 
subs ti tu ted - 1 OH - phenothiaz ine/ ferric chloride in a 
molar ratio of 1.0 in an amount of 2.46 millimols of 

15 ferric chloride per mol of benzene, by which nuclear 

chlorination can be carried out in the para - s e 1 ec t i vi ty 
of 86.1%. 

EP474074 discloses in Example 6 production of p- 
dichlorobenzene from benzene by reacting 0.89 mols of 

20 benzene with 60% by mol of chlorine at 70°C for 2.5 
hours using a catalyst system consisting of 10- 
substituted-lOH-phenothiazine/ferric chloride in a 
molar ratio of 1.0 in an amount of 0.42 millimols of 
ferric chloride per mol of benzene, by which nuclear 

25 chlorination can be carried out in the par a - s e 1 ec t i vi ty 
of 82.0%. 

WO97/43041 discloses in Preparation Example 2 
production of p - dichlorobenzene from benzene by 
reacting 1.92 mols of benzene with chlorine at 60°C for 



5.5 hours using a catalyst system consisting of 10- 
substituted 1 OH - phenothiaz ine/ ferric chloride in a 
molar ratio of 1.52 in an amount of 0. 19 millimols of 
ferric chloride per mol of benzene so as to be 1.59 of 
5 chlorination degree (mol number of substituted chlorine 
atoms per mol of benzene ring) , by which nuclear 
chlorination can be carried out in the para - selectivity 
of 86%. It is further described that the para- 
selectivity of 88% can be obtained when the 
10 chlorination is continued at 60°C for 4.5 hours (a 

total of 10 hours) so as to be 1.96 of chlorination 
degree . 

WO97/43041 discloses in Preparation Example 7 
production of p - di chlorobenzene from benzene by 

15 reacting 1.84 mols of benzene with chlorine at 60°C for 
3.5 hours using a catalyst system consisting of 10- 
substituted 1 OH - pheno thia z ine / f e r r i c chloride in a 
molar ratio of 1.2 in an amount of 0.22 millimols of 
ferric chloride per mol of benzene so as to be 1.72 of 

20 chlorination degree, by which nuclear chlorination can 
be carried out in a para-selectivity of 86%. 

WO97/43041 discloses in Preparation Example 1 
production of p - dichlorobenzene from benzene by 
reacting 2.18 mols of benzene with chlorine at 50°C for 

25 7 hours using a catalyst system consisting of 10- 
substituted 10H - pheno thiaz ine/ f erric chloride in a 
molar ratio of 5.1 in an amount of 1.33 millimols of 
ferric chloride per mol of benzene so as to be 1.48 of 
chlorination degree, by which nuclear chlorination can 



be carried out in a para - selectivity of 87%. 

A matter common to EP126669, EP474074 and 
WO97/43041 (referred to as "prior 3 patents" hereafter) 
is molar ratio of 10 - substituted-lOH-phenothiaz - 
5 ine/ferric chloride being 1 or more. 

In the prior 3 patents, the reaction temperature 
in case of using benzene as a starting material is 60°C 
except for Example 3 of EP474074 being 20°C. 

In the prior 3 patents, the reaction temperature 

10 is 20°C in case of Example 5 of EP126669 and Example 3 
of EP474074, where the amount of ferric chloride is 
1.52 millimols per mol of chlorobenzene (12.7 times of 
the amount in Example 3 of EP126669) and 2.46 millimols 
per mol of benzene (10.2 times of the amount in Example 

15 1 of EP474074) and the ratio of substituted- 10H- 
phenothiaz ine/ ferric chloride is 1.6 and 1.0, 
respectively. The par a - se 1 ec t i vi ty in Example 5 of 
EP126669 and that of Example 3 of EP474074 are 87.3% 
and 86.1% respectively, which are the best in each 

20 patent. These values are realized by reducing the 

reaction temperature and increasing an amount of the 
catalyst. The reason of it is believed that the 
reaction time does not remarkably increase even though 
the reaction temperature is low. 

25 The reason why the reaction time is the same or 

up to only 11% increase, which means no remarkable 
increase in reaction time, in spite of reducing the 
reaction temperature, is believed to be based on the 
effect of increasing the amount of the catalyst. 
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In Example 6 of EP474074, the amount of ferric 
chloride is 0.42 millimols per mol of chloroben z ene 
(1.7 times of the amount in Example 1 of EP474074) and 
the ratio of sub s t i tu t ed - 1 OH - pheno thi a z ine / f er r i c 
5 chloride is 1.0. The reaction is carried out at the 
reaction temperature of 70°C for 2.5 hours, by which 
60% by mol of chlorine is reacted to benzene. Although 
the reaction time becomes one a half by increasing the 
amount of the catalyst and elevating 10°C the reaction 

10 temperature, the para - select ivi ty is only 82.0%. 

In Preparation Example 7 of WO97/43041, it is 
described that nuclear chlorination in the para- 
selectivity of 86% can be carried out by chlorinating 
benzene at 60°C for 3.5 hours using a catalyst system 

15 consisting of 10-substituted-10H-phenothiazine/ferric 
chloride in a molar ratio of 1.2 in an amount of 0.22 
millimols per mol of benzene so as to be chlorination 
degree of 1.72. However, the reason why the reaction 
time becomes as short as 3.5 hours is not disclosed. 

20 Preparation Example 7 is distinctly different from 

Preparation Example 2 in a viewpoint that a part of the 
reaction mixture after reacting 7 hours in Preparation 
Example 12 has been used as a catalyst. Therefore, the 
reaction time becomes 10.5 hours in Example 7, because 

25 the process of Preparation Example 12 is added to the 
process of Preparation Example 2 . 

As be clear from the above-mentioned facts, these 
prior 3 patents neither disclose nor suggest the 
present invention, that is, "a process for preparing p- 
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dichlorobenzene by carrying out nuclear chlorination of 
benzene and/or chloroben z ene (referred to as "starting 
material") for the reation time of 1 - 4 hours by 
chlorine molecules, which comprises chlorinating using 
5 aluminum chloride and phenothiazine of the above 

formula (I) in such an amount that a molar ratio of 

[phenothiazine of the above formula (I)/ aluminum 
chloride] is 0.1 - 0.9 and a ratio by millimol/mol of 

[aluminum chloride/starting material] is 0.1 - 3 so as 
10 to be a chlorination degree in a range of 1.2 - 2.5. 

[Best Modes for Carrying Out the Invention] 

Embodiments of the present invention will be 
illustrated in detail hereafter. 

15 In the present invention, benzene and 

chlorobenzene as the starting materials are available 
on the market or can be prepared by methods described 
in technical literatures. It is, however, preferred to 
use benzene and chlorobenzene after distillation and, 

20 more preferably, those obtained by distillation after 

drying and/or in the presence of a drying agent. It is 
preferred to use them as early as possible and, 
preferably, immediately after distillation. Benzene 
and chlorobenzene may be used in a state of a mixture 

25 of them. 

Aluminum chloride used in the present invention 
are available on the market. It may be prepared from 
metallic aluminum. The amount of aluminum chloride 
used is 0.1 - 3 millimols, preferably, 0.2 - 1.5 
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millimols, and more preferably 0.3 - 1 millimols per 
mol of benzene and/or chlorobenzene as the starting 
material . 

Pheno thiaz ines represented by the above formula (I) 
5 used in the present invention are available on the 

market. Alternatively, they can be prepared by methods 
described in technical literatures. Pheno thiaz ines of 
the formula (I) wherein the group A is CF 3 (CF 2 ) n CO- (n=0, 
1 or 2) can be prepared by, for example, a method 

10 described in Japanese Patent Application Laid-open HE I 
9-301939 or by similar methods. Pheno thiaz ines of the 
formula (I) wherein the group A is a substituted or 
unsubs ti tuted phenoxycarbony 1 of the formula (II) can be 
prepared by, for example, a method described in 

15 WO97/43041 or a method according to it. 

Examples of pheno thiaz ines represented by the 
formula include, as preferable phenothiazines , 10- 
chlorocarbonyl -lOH-phenothiazine, 10-dichloroacetyl- 
lOH-phenothiazine, 2-chloro-10- chlorocarbonyl - 1 OH - 

20 phenothiazine, 10- trif luoroacetyl -lOH-phenothiazine, 
1 0 - pen taf uluoropropionyl -lOH-phenothiazine, 10- 
heptaf luorobu tyroyl -10H- phenothiazine, 10H - 
pheno thiaz ine - 1 0 - carboxyl ic acid phenyl ester, 10H- 
pheno thiaz ine - 10 - carboxyl ic acid 4 - chlorophenyl ester, 

25 10H-phenothiazine-10- carboxyl ic acid 4 - me thy 1 phenyl 
ester, 1 OH - pheno thi a z ine - 1 0 - carboxyl i c acid 4- 
methoxy phenyl ester, 2-chlo ro-lOH- pheno thiazine-10- 
carboxylic acid phenyl ester, and nuclear chlorinated 
1 OH - pheno thiaz ine - 1 0 - carboxyl ic acid phenyl ester. 
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The amount of the pheno thia z ine represented by 
the above formula (I) is in a range of 0.1 - 0.9 mols, 
preferably 0.2 - 0.8 mols and more preferably 0.3 - 0.7 
mol s . 

5 In the present invention, nuclear chlorination is 

carried out using a necessary or excess amount of 
gaseous or liquid chlorine so as to be a desired 
chlorination degree. The chlorination degree is 1.2 - 
2.5, preferably 1.3 - 2.2 and more preferably 1.4 - 2. 

10 The nuclear chlorination reaction in the present 

invention may be carried out, if desired, in a reaction 
solvent. As the reaction solvent, halogenated 
hydrocarbons such as dichlorobenzene, 1,2- 
dichloroethane, 1, 2 - dichloropropane , di ch 1 or om ethane , 

15 chloroform, carbon tetrachloride, etc. can be used. 

The reaction temperature in the present invention 
is preferably in a range of 30 - 80°C, more preferably 
40 - 70°C and particularly 45 - 55°C. 

The reaction time in the present invention is in a 

20 range of 1 - 4 hours, preferably 1 - 3.5 hours and 
particularly 1.5 - 3.2 hours. 

The nuclear chlorination is performed under such 
a condition that the para - selec tivi ty of the resulted 
reaction mixture becomes preferably 83% or more, more 

25 preferably 85% or more, and particularly 86% or more, 
by combining the above-mentioned reaction conditions. 

The process for preparing p - dichlorobenzene 
according to the present invention is characterized, as 
mentioned above, by carrying out the reaction using a 
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catalyst system consisting of aluminum chloride and 
phenothiaz ine represented by the formula (I). However, 
it is possible to use a method comprising taking out a 
product from the reaction mixture after nuclear 
chlorination of benzene and/or chlorobenzene as the 
starting material by distillation, and repeatedly 
carrying out nuclear chlorination by adding benzene 
and/or chlorobenzene to the residue as the catalyst 
system, or a method comprising carrying out nuclear 
chlorination by adding a part of the reaction mixture 
as the catalyst system to benzene and/or chlorobenzene. 
In these process of the present invention, the aluminum 
chloride and/or phenothiaz ine represented by the 
formula (I) may be added on the way of the reaction step. 

Examples 
Example 1 

(Chlorination of benzene using a catalyst system 
consisting of 1 OH - pheno thia z ine - 1 0 - carboxy 1 i c acid 
phenyl ester and aluminum chloride in a molar ratio of 
0.60) 

To 150g (1.92 mols) of benzene in a light- 
shielding reactor were added aluminum chloride 0.09 g 

(0.675 mmols; 0.35 mmols per mol of benzene) and 10H- 
pheno thiaz ine - 1 0 - carboxyl ic acid phenyl ester 0.13 g 

(0.41 mmols; molar ratio of phenothiaz ine/aluminum 
chloride is 0.60) at 50°C with stirring. Chlorination 
was carried out by reacting at the same temperature for 
150 minutes with blowing a chlorine gas so as to be a 



14 



chlorination degree of 1.62 on the basis of benzene. 

It was confirmed by gas chromatography analysis 
that the reaction mixture had the following composition 
Benzene 0.02%, chlorobenz ene 31.67%, o - c ichlorobenzene 
5 9.13%, m-dichlorobenzene 0.11%, p - dichlorobenzene 
58.98% and tr i chl orobenz ene 0.09%. 

The para - sel ec t i vi ty calculated based on the above 
mentioned composition was 86.60%. 
Example 2 

10 (Chlorination of benzene using a catalyst system 

consisting of 10 - chl orocarbony 1 -lOH-phenothiazine and 
aluminum chloride in a molar ratio of 0.50) 

To 150g (1.92 mols) of benzene in a light- 
shielding reactor were added aluminum chloride 0.09g 

15 (0.67 mmols; 0.35 mmols per mol of benzene) and 10- 
chlorocarbonyl -lOH-phenothiazine 0.09g (0.34 mmols ; 
molar ratio of pheno thiaz ine/aluminum chloride is 0.50) 
at 50°C with stirring. Chlorination was carried out by 
reacting at the same temperature for 170 minutes with 

20 blowing a chlorine gas so as to be a chlorination 
degree of 1.62 on the basis of benzene. 

It was confirmed by gas chromatography analysis 
that the reaction mixture had the following composition 
Benzene 0.03%, chl orobenz ene 32.15%, o - cichlorobenzene 

25 9.87%, m-dichlorobenzene 0.15%, p - dichlorobenzene 
57.67% and trichlorobenzene 0.13%. 

The para - selectivity calculated based on the above 
mentioned composition was 85.38%. 
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Capability of Exploitation in Industry 

According to the present invention, p-dichloro- 
benzene can be obtained in a para - s el ec t i vi ty equal to 
or higher than that of the prior methods by carrying 
out nuclear chlorination of benzene and/or the 
chlorobenzene using aluminum chloride and phenothiazine 
represented by the above formula (I) in the above- 
mentioned amounts. Furthermore, the chlorination can 
be carried out in a shorter reaction time than the 
prior methods. 



